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©  AIR-FUEL  RATIO  CONTROL  DEVICE  FOR  INTERNAL  COMBUSTION  ENGINE. 

©  An  air-fuel  ratio  control  device  capable  of  pre- 
venting  torque  shocks  liable  to  be  produced  in  an 
engine  when  an  air-fuel  ratio  is  changed  in  order  to 
carry  out  switching  between  rich  combustion  and 
lean  combustion  wherein  an  electronic  control  unit 
(ECU)  of  the  device  carries  out,  while  the  engine  (E) 
is  in  an  operating  state  other  than  a  particular  op- 

^-  erating  state,  on-off  duty  control  of  a  valve  (30) 
^   disposed  in  a  first  by-pass  passage  (31)  for  by- 
q   passing  a  throttle  valve  (7)  in  accordance  with  the 
^-  difference  between  a  target  air-intake  volume  need- 
00  ed  to  control  the  engine  to  a  lean  air-fuel  ratio  that  is 
0j  calculated  in  accordance  with  the  opening  of  the 
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throttle  valve  detected  by  means  of  a  throttle  sensor 
(14)  and  an  air-intake  volume  detected  by  means  of 
an  air-flow  sensor  (11),  while  biassing  a  by-pass 
valve  (42)  for  opening  a  negative  pressure  respon- 
sive  valve  (41)  disposed  in  a  second  by-pass  pas- 
sage  (43),  whereby  a  predetermined  volume  of  air 
can  be  supplied  to  the  engine  via  the  throttle  valve, 
and  the  first  and  second  by-pass  passages.  While 
the  engine  is  in  a  particular  operating  state,  an  air 
supply  through  the  throttle  valve  is  permitted  which 
is  sufficient  to  control  the  engine  to  a  rich  air-fuel 
ratio  status  with  an  air-supply  through  the  by-pass 
passages  being  prevented. 
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TECHNICAL  FIELD 

The  present  invention  relates  to  an  air-fuel  ratio 
control  apparatus  of  an  internal  combustion  engine, 
which  causes  the  engine  selectively  to  effect  the 
so-called  lean  or  rich  combustion  as  required,  to 
thereby  improve  the  exhaust  gas  characteristics 
and  fuel  cost  performance  and  increase  the  engine 
output  as  required,  and  more  particularly,  to  an  air- 
fuel  ratio  control  apparatus  capable  of  preventing  a 
sudden  change  of  the  engine  output  which  is  liable 
to  be  caused  when  the  air-fuel  ratio  is  changed  for 
switching  between  the  lean  combustion  and  rich 
combustion. 

BACKGROUND  ART 

In  order  to  improve  the  exhaust  gas  character- 
istics  and  fuel  cost  performance  of  a  motor  vehicle, 
it  is  known  to  control  the  air-fuel  ratio  of  an  air-fuel 
mixture  to  be  supplied  to  an  internal  combustion 
engine,  to  have  a  value  on  the  fuel-lean  side  of  a 
theoretical  air-fuel  ratio,  thereby  allowing  the  en- 
gine  to  be  operated  in  a  lean-combustion  mode.  If 
the  engine  is  continually  operated  in  the  lean- 
combustion  mode,  however,  the  engine  output  will 
be  insufficient  in  some  specific  operating  states 
(e.g.,  sudden-departure  operating  state  and 
sudden-acceleration  operating  state).  Convention- 
ally,  therefore,  the  air-fuel  ratio  is  adjusted  to  the 
theoretical  air-fuel  ratio  or  its  near  value  (hereinafter 
referred  to  as  near  theoretical  air-fuel  ratio)  to  ef- 
fect  rich-combustion  operation  in  the  specific  op- 
erating  states  of  the  engine. 

According  to  the  conventional  air-fuel  ratio  con- 
trol,  however,  the  amount  of  fuel  supply  to  the 
engine  sometimes  may  undergo  a  sudden  change 
when  the  air-fuel  ratio  is  changed  between  the  near 
theoretical  air-fuel  ratio  and  an  air-fuel  ratio  on  the 
fuel-lean  side  thereof,  in  order  to  switch  the  com- 
bustion  mode  between  rich  combustion  and  lean 
combustion.  In  such  a  case,  the  engine  output, 
which  depends  on  the  fuel  supply  amount,  thermal 
efficiency  of  the  engine,  etc.,  changes  suddenly. 
For  example,  when  the  accelerator  pedal  is  re- 
leased  from  a  driver's  stepping  operation  so  that  an 
acceleration  operating  state  (one  of  the  specific 
operating  states)  is  finished,  conventional  air-fuel 
ratio  control  apparatuses  operate  to  reduce  the  fuel 
supply  amount  rapidly,  in  order  to  restore  the  air- 
fuel  ratio  to  a  value  on  the  fuel-lean  side.  As  a 
result,  the  engine  output  lowers  suddenly.  If  the 
engine  output  undergoes  such  a  sudden  change,  a 
torque  shock  is  caused  in  the  engine,  thus  retard- 
ing  the  drivability. 

Disclosed  in  Published  Unexamined  Japanese 
Patent  Application  No.  2-267340  is  an  air-fuel  ratio 
control  apparatus  which,  belonging  to  the  afore- 

mentioned  conventional  apparatuses  in  a  broader 
sense,  is  so  designed  that  the  fuel  supply  amount 
is  reduced  during  the  transition  to  the  lean  operat- 
ing  state. 

5 
DISCLOSURE  OF  THE  INVENTION 

The  object  of  the  present  invention  is  to  pro- 
vide  an  air-fuel  ratio  control  apparatus  of  an  internal 

io  combustion  engine,  capable  of  preventing  a  dis- 
agreeable  torque  shock  which  is  liable  to  be  caus- 
ed  when  the  air-fuel  ratio  is  changed  between  a 
near  theoretical  air-fuel  ratio  value  and  a  value  on 
the  fuel-lean  side  thereof,  in  order  to  cause  the 

75  engine  selectively  to  undergo  either  rich  combus- 
tion  or  lean  combustion. 

In  order  to  achieve  the  above  object,  according 
to  the  present  invention,  there  is  provided  an  air- 
fuel  ratio  control  apparatus  of  an  internal  combus- 

20  tion  engine,  which  controls  the  air-fuel  ratio  of  an 
air-fuel  mixture  to  be  supplied  to  an  engine  so  that 
the  air-fuel  ratio  is  adjusted  to  a  first  air-fuel  ratio 
approximate  to  a  theoretical  air-fuel  ratio  when  the 
engine  is  in  a  specific  operating  state,  and  that  the 

25  air-fuel  ratio  is  adjusted  to  a  second  air-fuel  ratio  on 
the  fuel-lean  side  of  the  first  air-fuel  ratio  when  the 
engine  is  in  any  other  operating  state  than  the 
specific  operating  state.  This  air-fuel  ratio  control 
apparatus  comprises:  a  main  bypass  line  bypass- 

30  ing  a  throttle  valve  in  the  middle  of  a  suction 
passage  of  the  engine  and  having  both  ends  there- 
of  communicated  with  the  suction  passage;  a  sub- 
bypass  line  bypassing  the  throttle  valve  and  having 
both  ends  thereof  communicated  with  the  suction 

35  passage;  main  valve  means  for  adjusting  the 
amount  of  air  sucked  in  through  the  main  bypass 
line;  sub-valve  means  for  adjusting  the  amount  of 
air  sucked  in  through  the  sub-bypass  line;  and 
control  means  adapted  to  control  the  drive  of  the 

40  main  valve  means  so  that  the  suction  air  supply 
through  the  main  bypass  line  is  prevented  when 
the  engine  is  in  the  specific  operating  state,  and  to 
control  the  drive  of  the  main  valve  means  and  the 
sub-valve  means  so  that  an  amount  of  suction  air 

45  such  that  the  second  air-fuel  ratio  can  be  attained 
is  supplied  through  the  main  bypass  line  and  the 
sub-bypass  line  when  the  engine  is  in  any  other 
operating  state  than  the  specific  operating  state. 

Preferably,  the  air-fuel  ratio  control  apparatus 
50  comprises  fuel  supply  means  for  adjusting  the 

amount  of  a  fuel  to  be  supplied  to  the  engine.  The 
control  means  controls  the  drive  of  the  fuel  supply 
means  so  that  the  first  air-fuel  ratio  is  attained  on 
the  basis  of  the  amount  of  the  suction  air  supplied 

55  through  the  suction  passage  not  including  at  least 
the  main  bypass  line  and  the  amount  of  the  fuel 
supplied  from  the  fuel  supply  means  when  the 
engine  is  in  the  specific  operating  state.  Further, 
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the  control  means  controls  the  drive  of  the  fuel 
supply  means  so  that  the  second  air-fuel  ratio  is 
attained  on  the  basis  of  the  amount  of  the  suction 
air  supplied  through  the  suction  passage  including 
the  main  and  sub-bypass  lines  and  the  amount  of 
the  fuel  supplied  from  the  fuel  supply  means  when 
the  engine  is  in  any  other  operating  state  than  the 
specific  operating  state.  Furthermore,  the  control 
means  controls  the  drive  of  the  main  valve  means 
and  the  sub-valve  means  in  order  to  change  the 
suction  air  amount  lest  an  output  which  can  be 
practically  fetched  from  the  engine  while  the  opera- 
tion  mode  is  switched  from  operation  with  the  first 
air-fuel  ratio  to  operation  with  the  second  air-fuel 
ratio  be  subject  to  any  substantial  change. 

Preferably,  the  main  valve  means  is  formed  of 
a  negative-pressure  responsive  valve  adapted  to 
operate  in  response  to  a  negative  pressure  inside 
the  suction  passage  varying  depending  on  the 
opening  of  the  throttle  valve.  The  control  means 
prevents  the  negative  pressure  supply  to  the 
negative-pressure  responsive  valve  when  the  en- 
gine  is  in  the  specific  operating  state,  and  allows 
the  negative  pressure  supply  to  the  negative-pres- 
sure  responsive  valve  when  the  engine  is  in  any 
other  operating  state  than  the  specific  operating 
state. 

Preferably,  the  air-fuel  ratio  control  apparatus 
further  comprises  load  parameter  detecting  means 
for  detecting  the  value  of  a  parameter  indicative  of 
a  load  acting  on  the  engine.  The  control  means 
subjects  the  valve  opening  of  the  sub-valve  means 
to  open-loop  control  in  accordance  with  the  engine 
load.  The  sub-valve  means  is  formed  of  a  motor- 
operated  valve  including,  for  example,  a  stepping 
motor  and  having  a  valve  opening  corresponding  to 
the  rotational  position  of  the  motor.  The  control 
means  subjects  the  rotational  position  of  the  step- 
ping  motor  to  open-loop  control. 

Alternatively,  the  air-fuel  ratio  control  apparatus 
further  comprises  load  parameter  detecting  means 
for  detecting  the  value  of  a  parameter  indicative  of 
a  load  acting  on  the  engine,  e.g.,  throttle  opening 
detecting  means  for  detecting  the  throttle  opening, 
and  air  amount  detecting  means  for  detecting  the 
amount  of  air  sucked  in  through  the  suction  pas- 
sage.  The  control  means  computes  a  target  suction 
air  amount  such  that  the  second  air-  fuel  ratio  can 
be  attained,  in  accordance  with  the  detected  en- 
gine  load  parameter  value,  e.g.,  the  detected  throt- 
tle  valve  opening,  when  the  engine  is  in  any  other 
operating  state  than  the  specific  operating  state, 
and  then  controls  the  valve  opening  of  the  sub- 
valve  means  in  accordance  with  the  difference  be- 
tween  the  detected  actual  suction  air  amount  and 
the  target  suction  air  amount.  The  sub-valve  means 
is  formed  of,  e.g.,  a  solenoid-operated  on-off  valve, 
and  the  control  means  controls  an  on-off  duty  ratio, 

that  is,  the  time-based  average  valve  opening,  of 
the  solenoid-operated  on-off  valve. 

According  to  the  present  invention,  as  de- 
scribed  above,  the  main  and  sub-bypass  lines  ar- 

5  ranged  in  the  suction  passage,  bypassing  the  throt- 
tle  valve,  are  provided,  respectively,  with  the  main 
and  sub-valve  means  for  adjusting  the  amount  of 
air  sucked  in  through  the  two  bypass  lines,  the 
suction  air  supply  through  the  main  bypass  line  is 

io  prevented  when  the  engine  is  in  the  specific  op- 
erating  state,  and  an  amount  of  suction  air  such 
that  the  second  air-fuel  ratio  can  be  attained  is 
supplied  through  the  main  and  sub-bypass  lines 
when  the  engine  is  in  any  other  operating  state 

is  than  the  specific  operating  state.  Accordingly,  the 
suction  air  amount  is  increased  so  that  the  second 
air-fuel  ratio  can  be  attained  during  the  transition 
from  the  specific  operating  state  to  any  other  op- 
erating  state.  Thus,  the  fuel  supply  amount  can  be 

20  prevented  from  being  rapidly  reduced  during  the 
aforesaid  transition,  so  that  a  torque  shock  can  be 
prevented  from  being  caused  by  a  sudden  change 
of  the  engine  output  torque.  Since  the  two  bypass 
lines  are  used  for  the  increase  of  the  suction  air 

25  amount,  moreover,  the  valve  means  in  each  bypass 
line  may  be  of  a  small  capacity,  so  that  the  cost 
can  be  reduced.  If  the  valve  means  is  formed  of  a 
solenoid  valve,  furthermore,  a  small-sized  battery 
can  be  used  for  the  drive  of  the  solenoid  valve. 

30  Preferably,  the  drive  of  the  fuel  supply  means 
is  controlled  so  that  the  first  air-fuel  ratio  is  attained 
on  the  basis  of  the  amount  of  the  suction  air 
supplied  through  the  suction  passage  and  the 
amount  of  the  fuel  supplied  from  the  fuel  supply 

35  means  when  the  engine  is  in  the  specific  operating 
state,  and  the  fuel  supply  is  controlled  so  that  the 
second  air-fuel  ratio  is  attained  on  the  basis  of  the 
suction  air  amount  and  the  fuel  supply  amount 
when  the  engine  is  in  any  other  operating  state 

40  than  the  specific  operating  state.  Thus,  the  first  or 
second  air-fuel  ratio  can  be  attained  as  required  in 
various  engine  operation  regions.  Also,  the  change 
of  the  suction  air  amount  is  controlled  lest  the 
engine  output  be  subject  to  any  substantial  change 

45  during  the  transition  between  rich-combustion  op- 
eration  and  lean-combustion  operation.  Thus,  when 
the  air-fuel  ratio  is  changed  for  the  aforesaid  transi- 
tion,  the  continuity  of  the  engine  output  torque  can 
be  maintained,  so  that  a  torque  shock  can  be 

50  prevented  from  being  caused  in  the  engine.  It  is 
not  essential,  moreover,  to  change  the  air-fuel  ratio 
gradually  between  the  first  and  second  air-fuel  ra- 
tios,  in  order  to  prevent  the  torque  shock  during  the 
transition  between  the  rich-combustion  operation 

55  and  the  lean-combustion  operation.  In  contrast  with 
the  case  where  the  air-fuel  ratio  is  gradually 
changed,  therefore,  the  engine  need  not  be  op- 
erated  in  an  operation  region  such  that  the  exhaust 

4 
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gas  purification  factor  worsens,  so  that  the  exhaust 
gas  characteristics  are  improved. 

Preferably,  the  main  valve  means  is  formed  of 
a  negative-pressure  responsive  valve  adapted  to 
operate  in  response  to  a  negative  pressure  inside 
the  suction  passage  varying  depending  on  the 
opening  of  the  throttle  valve.  In  this  case,  the 
suction  air  amount  can  be  roughly  controlled  by 
means  of  the  main  valve  means  formed  of  the 
negative-pressure  responsive  valve,  and  precise 
suction  air  amount  control  can  be  effected  by 
means  of  the  sub-valve  means.  Thus,  sub-valve 
means  of  a  small  capacity  is  available  for  the 
purpose. 

Preferably,  the  valve  opening  of  the  sub-valve 
means  is  subjected  to  the  open-loop  control  in 
accordance  with  the  engine  load,  so  that  it  is  un- 
necessary  to  use  a  sensor  for  suction  air  amount 
detection,  which  is  essential  to  the  case  where  the 
suction  air  amount  is  feedback-controlled,  and  the 
suction  air  amount  control  can  be  carried  out  with 
ease.  When  feedback-controlling  the  suction  air 
amount,  on  the  other  hand,  the  suction  air  amount 
can  be  controlled  precisely. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  view  showing  an  air-fuel 
ratio  control  apparatus  according  to  a  first  em- 
bodiment  of  the  present  invention  along  with  its 
peripheral  elements; 
Fig.  2  is  a  block  diagram  showing  an  electronic 
control  system  of  the  air-fuel  ratio  control  ap- 
paratus  shown  in  Fig.  1; 
Fig.  3  is  a  flow  chart  showing  part  of  an  air-fuel 
ratio  control  routine  executed  by  means  of  the 
electronic  control  unit  shown  in  Fig.  2; 
Fig.  4  is  a  flow  chart  showing  the  remainder  of 
the  air-fuel  ratio  control  routine; 
Fig.  5  is  a  graph  illustrating  the  relationship 
between  the  negative  pressure  supplied  to  a 
pressure  chamber  of  a  negative-pressure  re- 
sponsive  valve  shown  in  Fig.  1  and  the  throttle 
valve  opening,  obtained  with  use  of  a  certain 
engine  speed; 
Fig.  6  is  a  graph  illustrating  the  relationship 
between  the  valve  opening  of  the  negative-pres- 
sure  responsive  valve  and  the  throttle  valve 
opening,  obtained  with  use  of  a  certain  engine 
speed; 
Fig.  7  is  a  flow  chart  showing  an  air-fuel  ratio 
control  routine  of  an  air-fuel  ratio  control  appara- 
tus  according  to  a  second  embodiment  of  the 
present  invention;  and 
Fig.  8  is  a  partial  schematic  view  showing  a 
motor-operated  valve  provided  in  a  sub-bypass 
line  of  the  apparatus  of  the  second  embodiment. 

BEST  MODE  OF  CARRYING  OUT  THE  INVEN- 
TION 

Referring  to  Fig.  1,  symbol  E  designates  a 
5  gasoline  engine  which  is  used  with  an  air-fuel  ratio 

control  apparatus  (mentioned  later)  according  to  a 
first  embodiment  of  the  present  invention.  A  suction 
passage  2  and  an  exhaust  passage  3  are  con- 
nected  individually  to  the  respective  combustion 

io  chambers  (not  shown)  of  individual  cylinders  of  the 
engine  E.  The  suction  passage  2  and  each  com- 
bustion  chamber  are  connected  to  and  discon- 
nected  from  each  other  by  means  of  a  suction 
valve  (not  shown)  which  is  interposed  between 

is  them.  Likewise,  the  exhaust  passage  3  and  each 
combustion  chamber  are  connected  to  and  discon- 
nected  from  each  other  by  means  of  an  exhaust 
valve  (not  shown)  which  is  interposed  between 
them. 

20  The  suction  passage  2  is  provided  with  an  air 
cleaner  6,  a  throttle  valve  7,  and  fuel  injection 
valves  8,  which  are  successively  arranged  from  the 
upper-course  side.  The  fuel  injection  valves  8, 
which  are  as  many  as  the  cylinders,  are  arranged 

25  at  a  suction  manifold  portion.  Reference  numeral 
2a  denotes  a  surge  tank  2a  which  is  located  on  the 
lower-course  side  of  the  suction  passage  2  with 
respect  to  the  throttle  valve.  On  the  other  hand,  the 
exhaust  passage  3  is  provided  with  catalyst  con- 

30  verter  (ternary  catalyst)  9  for  exhaust  gas  purifica- 
tion  and  a  muffler  (not  shown),  which  are  succes- 
sively  arranged  from  the  upper-course  side. 

Further,  the  suction  passage  2  is  provided  with 
two  bypass  lines  31  and  43  for  use  as  components 

35  of  the  air-fuel  ratio  control  apparatus,  bypassing  the 
throttle  valve  7.  Both  ends  of  each  bypass  line 
communicate  with  the  suction  passage  2. 

The  first  bypass  line  31  as  a  sub-bypass  line  is 
provided  with  an  ISC  valve  (sub-valve  means)  30 

40  for  adjusting  the  amount  of  suction  air  supplied 
through  the  bypass  line  31  .  The  ISC  valve  30  of  the 
present  embodiment  is  formed  of  a  solenoid  valve 
which  includes  a  valve  plug  30a,  a  solenoid  30b  for 
driving  the  valve  plug  30a  in  opening  and  closing 

45  directions,  and  the  like.  The  solenoid  30b  of  the 
ISC  valve  30  is  connected  to  an  electronic  control 
unit  (ECU),  which  is  denoted  by  reference  numeral 
23  in  Fig.  2  and  will  be  described  in  detail  later. 
The  ISC  valve  30  is  subjected  to  on/off-duty  control 

50  in  response  to  a  driving  signal  from  the  ECU  23  so 
that  the  time-based  average  valve  opening  of  this 
valve  is  variably  controlled.  Thus,  a  required 
amount  of  bypass  air  is  supplied  to  the  engine  E 
through  the  first  bypass  line  31.  The  ISC  valve  30 

55  is  used  for  idling  engine  speed  control  and  the  like, 
as  well  as  for  the  air-fuel  ratio  control. 

On  the  other  hand,  the  second  bypass  line  43 
as  a  main  bypass  line  is  provided  with  a  negative- 

5 
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pressure  responsive  valve  (ACV  valve)  41  .  The  lift 
of  the  negative-pressure  responsive  valve  41  varies 
depending  on  the  negative  pressure  inside  the  suc- 
tion  passage  2,  which  changes  according  to  the 
throttle  valve  opening.  More  specifically,  the 
negative-pressure  responsive  valve  41  includes  a 
valve  plug  41a  on  a  diaphragm  41b,  for  opening 
and  closing  the  bypass  line  43,  a  pressure  cham- 
ber  41c  defined  by  the  outer  wall  of  the  valve  41 
and  the  diaphragm  41b,  and  a  spring  41b  disposed 
in  the  pressure  chamber  41c  and  always  urging  the 
valve  plug  41a  through  the  diaphragm  41b  in  a 
direction  to  close  the  valve.  The  pressure  chamber 
41c  of  the  negative-pressure  responsive  valve  41  is 
communicated,  by  means  of  a  line  44,  with  the 
suction  passage  2  in  a  position  just  on  the  upper- 
course  side  of  the  throttle  valve  7  where  a  negative 
pressure  corresponding  to  the  throttle  valve  open- 
ing  is  produced. 

A  bypass  valve  42,  which  serves  as  a  negative 
pressure  control  valve,  is  disposed  in  the  middle  of 
the  line  44.  The  bypass  valve  42,  in  conjunction 
with  the  negative-pressure  responsive  valve  41  and 
the  line  44,  constitutes  main  valve  means  for  ad- 
justing  the  amount  of  intake  air  supplied  through 
the  second  bypass  line  43.  Specifically,  the  bypass 
valve  42  includes  a  valve  plug  42a  for  opening  and 
closing  the  line  44,  a  valve  plug  42b  which  op- 
erates  in  unison  with  the  valve  plug  42a  to  open 
and  close  an  aperture  for  the  atmosphere,  a  spring 
42d  always  urging  the  valve  plug  42b  in  a  direction 
to  close  the  valve,  and  a  solenoid  42c  for  driving 
these  valve  plugs  42a  and  42b  in  opening  and 
closing  directions.  The  solenoid  42c  is  connected 
to  the  output  side  of  the  ECU  23. 

Preferably,  the  position  where  that  end  of  the 
line  44  which  opens  into  the  suction  passage  2  is 
formed  is  so  selected  that  a  negative  pressure 
(ACV  negative  pressure)  supplied  from  the  suction 
passage  2  to  the  pressure  chamber  41c  of  the 
negative-pressure  responsive  valve  41  through  the 
line  44  changes  substantially  in  proportion  to  the 
throttle  valve  opening.  If  the  ACV  negative  pressure 
changes  accurately  in  proportion  to  the  throttle 
valve  opening,  the  valve  opening  (ACV  opening)  of 
the  negative-pressure  responsive  valve  41  changes 
in  proportion  to  the  throttle  valve  opening,  as  in- 
dicated  by  broken  line  in  Fig.  6.  If  the  ratio  be- 
tween  the  throttle  valve  opening  and  the  sum  of  the 
ACV  opening  and  the  throttle  valve  opening  is 
equal  to  the  ratio  between  a  theoretical  air-fuel  ratio 
(first  air-fuel  ratio)  and  a  target  air-fuel  ratio  (second 
air-fuel  ratio)  on  the  fuel-lean  side  of  the  theoretical 
air-fuel  ratio,  a  required  one  of  the  first  and  second 
air-fuel  ratios  can  be  attained  by  selectively  pre- 
venting  or  allowing  the  supply  of  suction  air 
through  the  main  bypass  line  43. 

Actually,  however,  it  is  difficult  to  select  a  posi- 
tion  for  the  open  end  of  the  line  which  fulfills  the 
requirement  such  that  the  ACV  negative  pressure 
(ACV  opening)  and  the  throttle  valve  opening  are 

5  proportional  to  each  other.  Typically,  the  ACV  neg- 
ative  pressure  changes  as  indicated  by  full  line  in 
Fig.  6  as  the  throttle  valve  opening  varies.  More 
specifically,  in  the  region  where  the  throttle  valve 
opening  is  large,  the  ACV  opening  is  smaller  than 

io  the  optimum  ACV  opening  indicated  by  broken  line 
in  Fig.  6.  Thus,  the  amount  of  intake  air  supplied 
through  the  second  bypass  line  (main  bypass  line) 
43  changes  substantially  following  the  change  of 
the  operating  state  of  the  engine.  In  the  region 

is  where  the  throttle  valve  opening  is  large,  however, 
the  intake  air  amount  is  insufficient. 

In  the  main  valve  means  constructed  in  this 
manner,  when  the  solenoid  42c  of  the  bypass  valve 
42  is  de-energized  without  being  supplied  with  the 

20  driving  signal  from  the  ECU  23,  the  valve  plug  42a 
closes  the  line  44  on  the  negative  pressure  genera- 
tion  side,  while  the  valve  plug  42b  allows  the  at- 
mosphere  aperture  to  open,  so  that  the  atmospher- 
ic  pressure  is  led  into  the  pressure  chamber  41c  of 

25  the  negative-pressure  responsive  valve  41.  At  this 
time,  the  spring  41  d  causes  the  diaphragm  41b  to 
press  the  valve  plug  41a  in  the  direction  to  close 
the  bypass  line  43,  thereby  closing  the  bypass  line 
43.  Accordingly,  the  supply  of  the  bypass  air  to  the 

30  engine  E  through  the  bypass  line  43  is  prevented. 
When  the  solenoid  42c  is  energized  by  the  driving 
signal  from  the  ECU  23,  the  valve  plug  42b  closes 
the  atmosphere  aperture,  and  the  line  44  is  opened 
so  that  the  negative  pressure  inside  the  suction 

35  passage  2  is  led  into  the  pressure  chamber  41c.  As 
a  result,  the  valve  plug  41a  is  lifted  in  the  valve 
opening  direction,  resisting  the  urging  force  of  the 
spring  41  d,  so  that  the  bypass  line  43  is  opened. 
Thereupon,  the  negative  pressure,  which  varies  de- 

40  pending  on  the  engine  operating  state,  is  led  into 
the  pressure  chamber  41c,  and  the  lift  of  the  valve 
plug  41a  is  determined  depending  on  the  negative 
pressure,  so  that  a  required  amount  of  air  can  be 
supplied  to  the  engine  E  through  the  bypass  line 

45  43. 
In  carrying  out  lean  combustion,  the  bypass 

valve  42  is  opened,  the  bypass  air  is  supplied  to 
the  engine  E  through  the  bypass  line  43,  and  the 
ISC  valve  30  is  duty-controlled  so  that  the  bypass 

50  air  is  supplied  to  the  engine  E  also  through  the 
bypass  line  31.  The  amount  of  bypass  air  supply 
through  the  bypass  line  43  is  determined  depend- 
ing  on  the  negative  pressure  inside  the  suction 
passage  2,  so  that  the  suction  air  can  be  supplied 

55  substantially  corresponding  to  the  operating  state 
of  the  engine  E.  As  mentioned  before  with  refer- 
ence  to  Figs.  5  and  6,  however,  it  is  difficult  ac- 
curately  to  supply  the  suction  air  to  a  target 

6 
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amount  through  the  bypass  line  43  only.  Since  the 
ISC  valve  30  is  a  solenoid  valve,  on  the  other  hand, 
it  is  not  practical  to  use  a  large-capacity  version,  in 
view  of  cost  and  battery  capacity,  and  it  is  not 
advisable  in  practice  to  arrange  the  apparatus  so 
that  the  suction  air  is  supplied  to  the  target  amount 
through  the  bypass  line  31  only.  According  to  the 
present  embodiment,  therefore,  the  ISC  valve  30  is 
duty-controlled  so  that  an  amount  of  air  for  com- 
pensating  the  amount  of  air  supply  through  the 
bypass  line  43  is  supplied  to  the  engine  E,  where- 
by  the  amount  of  the  suction  air  can  be  controlled 
accurately  for  the  target  amount. 

In  performing  rich-combustion  operation,  on  the 
other  hand,  the  bypass  valve  42  is  closed  to  cut  off 
the  bypass  line  43.  Accordingly,  the  amount  of  the 
suction  air  supplied  to  the  engine  E  changes  de- 
pending  on  the  opening  of  the  throttle  valve  7  in 
the  suction  passage  2.  Preferably,  the  valve  open- 
ing  of  the  ISC  valve  30  is  adjusted  so  that  basic 
auxiliary  air  corresponding  to  the  operating  state  of 
the  engine  E  is  supplied  to  the  engine  E.  This 
basic  auxiliary  air  is  auxiliary  air  for  the  so-called 
"dashpot  control,"  which  functions  to  prevent  stall- 
ing  of  the  engine  attributable  to  the  rapid  decrease 
in  the  engine  speed  even  when  the  throttle  valve  7 
is  suddenly  closed. 

Thus,  if  the  same  amount  of  fuel  is  supplied  to 
the  engine  E,  then  lean-combustion  operation  is 
performed  by  opening  the  bypass  line  43,  and  the 
rich-combustion  operation  is  performed  by  closing 
the  bypass  line  43. 

With  this  arrangement,  the  suction  air  supplied 
through  the  throttle  valve  7  (suction  passage  2) 
alone  or  through  the  throttle  valve  7  and  the  first 
and  second  bypass  lines  31  and  43  is  mixed  with  a 
fuel  from  each  fuel  injection  valve  8  in  a  predeter- 
mined  air-fuel  ratio  at  the  suction  manifold  portion, 
and  the  resulting  mixture  is  burned  in  each  com- 
bustion  chamber,  thereby  producing  an  engine 
torque.  The  fuel  supplied  from  a  fuel  pump  to  each 
fuel  injection  valve  8  is  adjusted  to  a  fixed  pressure 
by  means  of  a  fuel  pressure  regulator  (not  shown). 

Further,  the  following  various  sensors  (Figs.  1 
and  2)  are  provided  in  order  to  execute  various 
engine  controls,  including  the  aforesaid  air-fuel  ra- 
tio  control  and  fuel  supply  control,  by  means  of  the 
electronic  control  unit  (ECU). 

First  arranged  on  the  side  of  the  suction  pas- 
sage  2  are  an  airflow  sensor  11  for  detecting  the 
suction  air  amount  from  Karman  vortex  street  in- 
formation,  an  atmospheric  pressure  sensor  26  for 
detecting  the  atmospheric  pressure,  an  a  suction 
air  temperature  sensor  12  for  detecting  the  suction 
air  temperature.  Also,  the  throttle  valve  7  in  the 
suction  passage  2  is  provided  with  a  throttle  sensor 
14  of  a  potentiometer  type  for  detecting  the  throttle 
valve  opening  through  the  valve  shaft  or  the  like,  an 

idle  switch  15  for  detecting  the  idling  state,  and  the 
like.  Further,  an  O2  sensor  17  for  detecting  the 
oxygen  concentration  of  exhaust  gas  is  located  on 
the  upper-course  side  of  the  exhaust  passage  3 

5  with  respect  to  the  catalyst  converter  9.  Connected 
to  the  input  side  of  the  ECU  23,  moreover,  are  the 
aforesaid  sensors  11,14  and  15,  along  with  a  water 
temperature  sensor  19  for  detecting  the  tempera- 
ture  of  engine  cooling  water,  an  engine  speed 

10  sensor  21  for  detecting  an  engine  speed  Ne  by 
detecting  the  crank  angle,  and  other  sensors  gen- 
erally  denoted  by  reference  numeral  18  in  Fig.  2. 
Detection  signals  from  these  sensors  are  applied  to 
the  input  of  the  ECU  23. 

15  The  ECU  23  (not  shown  in  detail)  is  provided 
with  a  processor  (CPU)  as  its  principal  part,  and 
the  signals  from  the  aforesaid  various  sensors  are 
applied  to  the  input  ports  of  the  CPU  through 
suitable  input  interfaces  or  directly.  Further,  the 

20  CPU  is  connected,  by  means  of  bus  lines,  to  stor- 
age  devices,  such  as  a  ROM  stored  with  program 
data  and  fixed  value  data,  a  RAM  for  storing  data  in 
a  reloadable  manner,  and  a  battery  backup  RAM 
whose  stored  contents  are  retained  while  the  bat- 

25  tery  is  connected,  so  that  data  are  transferred 
between  the  CPU  and  the  storage  devices.  Also, 
various  control  signals  from  the  CPU  of  the  ECU  23 
are  delivered  to  the  fuel  injection  valve  8,  ISC  valve 
30,  bypass  valve  42,  etc.  through  suitable  output 

30  interfaces. 
For  the  fuel  supply  control  during  the  operation 

of  the  engine  E,  the  ECU  23  periodically  computes 
a  valve-open  period  Tinj  of  the  fuel  injection  valve 
8  for  each  cylinder  according  to  the  following  equa- 

35  tion  (1),  and  supplies  the  fuel  injection  valve  8  with 
a  driving  signal  corresponding  to  the  valve-open 
period  Tinj,  so  that  the  fuel  in  an  amount  cor- 
responding  to  the  valve-open  period  Tinj  is  injected 
into  the  suction  port  of  a  cylinder  to  be  supplied 

40  with  the  fuel  in  the  present  cycle. 

Tinj  =  (A/N)  -  X  x  K1  x  K2  x  +  TO,  (1) 

where  A/N  is  the  amount  of  air  sucked  into  an 
45  associated  cylinder  in  one  suction  stroke.  In  the 

present  embodiment,  the  suction  air  amount  A/N  is 
computed  by  means  of  the  CPU  on  the  basis  of  a 
Karman  vortex  street  frequency  f  detected  by 
means  of  the  airflow  sensor  11  and  the  engine 

50  speed  Ne  detected  by  means  of  the  engine  speed 
sensor  21.  Target  suction  air  amounts  A/Ns  and 
A/NL  for  the  rich-  and  lean-combustion  operations, 
used  in  the  air-fuel  ratio  control,  which  will  be 
further  described  later,  are  stored  in  the  form  of  a 

55  map  in  a  built-in  storage  device  of  the  ECU  23.  In 
the  present  embodiment,  the  target  suction  air 
amounts  A/Ns  and  A/NL  are  represented  by  func- 
tions  of  the  throttle  valve  opening  6  and  the  engine 

7 
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speed  Ne,  so  that  a  series  of  target  values  A/Ns 
and  another  series  of  target  values  A/NL,  corre- 
sponding  individually  to  various  combinations  of 
the  parameters  6  and  Ne,  are  stored  in  the  form  of 
a  map. 

In  equation  (1),  X  is  the  target  air-fuel  ratio, 
which  is  adjusted  to  the  theoretical  air-fuel  ratio  or 
its  near  value  Xs  (e.g.,  14.7)  for  the  rich-combustion 
operation,  and  to  a  predetermined  value  XL  (e.g., 
22)  on  the  fuel-lean  side,  with  respect  to  the  theo- 
retical  air-fuel  ratio,  for  the  rich-combustion  opera- 
tion.  In  the  present  embodiment,  one  fixed  pre- 
determined  value  common  to  the  whole  lean-com- 
bustion  operation  region  is  used  as  the  target  air- 
fuel  ratio  (second  air-fuel  ratio)  XL  for  the  lean- 
combustion  operation. 

Further,  K1  is  a  coefficient  for  converting  a  fuel 
flow  rate  into  a  valve-open  period,  and  K2  repre- 
sents  correction  factor  values  which  are  set  in 
accordance  with  various  parameter  values  indica- 
tive  of  the  engine  operating  state.  The  correction 
factor  values  K2  include,  for  example,  a  water 
temperature  correction  factor  value  set  in  accor- 
dance  with  an  engine  water  temperature  TW  de- 
tected  by  means  of  the  engine  water  temperature 
sensor  19,  an  O2  feedback  correction  factor  value 
set  in  accordance  with  the  oxygen  concentration  of 
the  exhaust  gas  detected  by  means  of  the  O2 
sensor  17,  an  atmosphere  correction  factor  value 
set  in  accordance  with  an  atmospheric  pressure  Pa 
detected  by  means  of  the  atmospheric  pressure 
sensor  26,  and  the  like.  TO  is  a  correction  value  set 
in  accordance  with  the  battery  voltage  or  the  like. 

Referring  now  to  Figs.  3  and  4,  an  air-fuel  ratio 
control  routine  for  changing  the  air-fuel  ratio  be- 
tween  the  rich  and  lean  sides  will  be  described. 

The  air-fuel  ratio  control  routine  is  periodically 
executed  by  means  of  the  electronic  control  unit 
(ECU)  23  in  parallel  with  the  aforesaid  fuel  supply 
control  during  the  engine  operation.  In  each  cycle 
of  the  air-fuel  ratio  control  routine,  the  CPU  of  the 
ECU  23  computes  change  of  signals  from  the 
throttle  sensor  7  on  the  basis  of  output  signals  from 
the  throttle  sensor  7  detected  individually  in  the 
preceding  and  present  cycles,  for  example.  Based 
on  the  sensor  signal  change  detected  in  this  man- 
ner,  it  is  determined  whether  or  not  the  engine  E  is 
being  operated  in  the  region  for  the  theoretical  air- 
fuel  ratio  operation  (rich-combustion  operation)  in- 
cluding  a  sudden-departure  operating  state  and 
sudden-acceleration  operating  state  (Step  S10). 

If  the  result  of  decision  in  Step  S10  is  positive, 
that  is,  if  it  is  concluded  that  the  engine  E  is  being 
operated  in  the  rich-combustion  operation  region, 
the  CPU  stops  the  supply  of  the  driving  signal  to 
the  solenoid  42c  of  the  bypass  valve  42  (Step 
S12).  As  a  result,  the  line  44  is  closed  by  the  valve 
plug  42a  of  the  bypass  valve  42  and  hence  the 

bypass  line  43  is  closed  by  the  valve  plug  41a  of 
the  negative-pressure  responsive  valve  41,  so  that 
the  air  supply  to  the  engine  E  through  the  bypass 
line  43  is  stopped.  When  the  bypass  valve  42  is 

5  de-  energized  in  this  manner,  the  air-fuel  ratio 
control  routine  for  the  present  cycle  is  finished.  The 
amount  of  the  suction  air  supplied  to  the  engine  E 
during  the  rich-combustion  operation  is  determined 
depending  on  the  throttle  valve  opening,  while  the 

10  amount  of  fuel  supply  is  obtained  according  to 
equation  (1).  Thus,  the  rich-combustion  operation  is 
performed  with  use  of  the  theoretical  air-fuel  ratio 
(first  air-fuel  ratio). 

If  the  result  of  decision  in  Step  S10  is  negative, 
15  that  is,  if  it  is  concluded  that  the  engine  E  is  being 

operated  in  the  lean-combustion  operation  region, 
on  the  other  hand,  the  CPU  of  the  ECU  23  supplies 
the  driving  signal  to  the  solenoid  42c  of  the  bypass 
valve  42  (Step  S14).  As  a  result,  the  bypass  valve 

20  42  is  opened  to  open  the  line  44,  so  that  the 
negative  pressure  inside  the  suction  passage  2  is 
supplied  to  the  pressure  chamber  41c  of  the 
negative-pressure  responsive  valve  41,  thereby 
opening  the  negative-pressure  responsive  valve  41  , 

25  whereby  the  bypass  air  is  supplied  to  the  engine  E 
through  the  bypass  line  43.  Thus,  the  suction  air 
for  the  engine  E  is  supplied  through  the  bypass 
line  43  as  well  as  the  throttle  valve  7. 

Then,  based  on  the  throttle  valve  opening  0d- 
30  etected  by  means  of  the  throttle  sensor  14  and  the 

engine  speed  Ne  detected  by  means  of  the  engine 
speed  sensor  21  ,  the  CPU  reads  the  target  suction 
air  amount  A/NL  for  the  lean-combustion  operation, 
which  is  fit  for  the  respective  values  of  the  param- 

35  eters  6  and  Ne,  from  the  map  in  the  storage  device 
(Step  S16).  Further,  the  CPU  computes  an  actual 
suction  air  amount  A/Nm  on  the  basis  of  the  Kar- 
man  vortex  street  frequency  f  detected  by  means 
of  the  airflow  sensor  11  and  the  engine  speed  Ne 

40  detected  by  means  of  the  engine  speed  sensor  21  , 
and  then  obtains  a  deviation  AA/N  between  the 
target  suction  air  amount  A/NL  read  in  Step  S16 
and  the  actual  suction  air  amount  A/Nm  (Step  S18). 

In  accordance  with  the  following  equation  (2), 
45  moreover,  the  CPU  computes  an  opening  correc- 

tion  value  APisc  of  the  ISC  valve  30  corresponding 
to  the  deviation  AA/N  (Step  S20). 

APisc  =  KP  •  AA/N,  (2) 
50 

where  KP  is  a  feedback  proportional  gain,  which  is 
fixed  to  a  predetermined  value  or  variably  set  de- 
pending  on  the  engine  speed  Ne,  for  example. 

Then,  based  on  the  correction  value  AP|SC 
55  computed  in  Step  S20  and  a  predetermined  basic 

opening  PBas  corresponding  to  the  basic  auxiliary 
air  amount,  the  CPU  computes  an  ISC  target  open- 
ing  Pise  according  to  the  following  equation  (3) 
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(Step  S22). 

Pise  =  Pbas  +  AP|SC.  (3) 

Subsequently,  the  CPU  determines  whether  or 
not  the  engine  E  is  in  the  idling  state  (Step  S24).  If 
the  engine  E  is  not  in  the  idling  state,  the  CPU  sets 
the  duty  factor  of  ISC  valve  30  in  accordance  with 
the  ISC  target  opening  P|Sc  obtained  in  Step  S22, 
and  delivers  a  driving  signal  corresponding  to  the 
duty  factor  to  the  solenoid  30b  of  the  ISC  valve  30 
(Step  S28).  As  a  result,  the  ISC  valve  30  is  subject 
to  on/off-duty  control  such  that  the  actual  suction 
air  amount  is  adjusted,  without  overs  and  shorts,  to 
the  target  suction  air  amount  A/NL  to  be  supplied  to 
the  engine  E,  whereby  an  amount  of  air  approxi- 
mate  to  the  target  suction  air  amount  A/NL  is  sup- 
plied  to  the  engine  E. 

During  the  lean-combustion  operation,  as  de- 
scribed  above,  the  bypass  valve  42  is  opened  in 
Step  S14,  and  the  ISC  valve  30  is  subjected  to  the 
on/off-duty  control  in  Step  S28  so  that  the  time- 
based  average  valve  opening  of  the  valve  30  is 
adjusted.  In  consequence,  the  amount  of  the  suc- 
tion  air  supplied  through  the  bypass  lines  43  and 
31  is  adjusted,  so  that  the  lean-combustion  opera- 
tion  is  effected  with  use  of  the  predetermined  air- 
fuel  ratio  XL  on  the  lean  side  with  respect  to  the 
theoretical  air-fuel  ratio. 

If  the  result  of  decision  in  Step  S24  is  positive, 
that  is,  if  it  is  concluded  that  the  engine  E  is  in  the 
idling  state,  on  the  other  hand,  conventional  idling 
speed  control  is  executed  (Step  S26).  Since  this 
idling  speed  control  has  no  special  relation  to  the 
present  invention,  its  detailed  description  is  omit- 
ted. 

As  seen  from  the  above  description,  imme- 
diately  after  the  operation  mode  is  switched  from 
the  lean-combustion  operation  to  the  rich-  combus- 
tion  operation,  the  bypass  valve  42  is  closed  to  cut 
off  the  bypass  line  43,  so  that  the  suction  air 
amount  A/N  is  rapidly  reduced.  Immediately  after 
the  transition  to  the  rich-combustion  operation,  the 
valve-open  period  Tinj  is  computed  in  accordance 
with  the  suction  air  amount  A/N  rapidly  reduced  in 
this  manner,  so  that  the  fuel  supply  amount  at  the 
point  of  time  concerned  takes  a  value  correspond- 
ing  to  the  rapidly  reduced  suction  air  amount.  As 
seen  from  equation  (1),  if  the  target  air-fuel  ratio  X 
as  a  variable  in  this  equation  undergoes  no  sub- 
stantial  change  while  the  operation  mode  is 
switched  to  the  rich-combustion  operation,  the  fuel 
supply  amount  also  decreases  as  the  suction  air 
amount  decreases.  During  the  transition  to  the  rich- 
combustion  operation,  however,  the  target  air-fuel 
ratio  X  in  equation  (1)  is  also  reset  from  a  large 
value  (e.g.,  22)  fit  for  the  lean-combustion  operation 
to  a  small  value  (e.g.,  14.7)  fit  for  the  rich-combus- 

tion  operation.  As  a  result,  even  during  the  transi- 
tion  to  the  rich-combustion  operation  in  which  the 
suction  air  amount  A/N  is  rapidly  reduced,  the  fuel 
supply  amount  is  reduced  less  rapidly  than  the  fuel 

5  supply  amount  for  the  lean-combustion  operation. 
To  be  exact,  the  fuel  supply  amount  is  kept  sub- 
stantially  constant  while  the  operation  mode  is 
switched  from  the  lean-combustion  operation  to  the 
rich-combustion  operation.  Thus,  the  air-fuel  ratio 

io  can  be  changed  from  a  large  value  on  the  fuel-lean 
side  to  a  small  value  approximate  to  the  theoretical 
air-fuel  ratio  without  changing  the  engine  output,  in 
order  to  switch  the  operation  mode  from  the  lean- 
combustion  operation  to  the  rich-combustion  opera- 

15  tion. 
Immediately  after  the  transition  from  the  rich- 

combustion  operation  to  the  lean-combustion  op- 
eration,  on  the  other  hand,  the  suction  air  amount 
A/N  increases  rapidly.  However,  the  value  of  the 

20  air-fuel  ratio  X  in  equation  (1),  which  is  used  to 
compute  the  valve-open  period  Tinj,  is  changed 
from  a  small  value  for  rich  combustion  to  a  large 
value  for  lean  combustion  immediately  after  the 
transition  to  the  lean-combustion  operation.  Thus, 

25  the  fuel  supply  amount  can  be  kept  substantially  at 
the  same  value  as  that  for  the  rich-combustion 
operation,  so  that  the  operation  mode  can  be 
switched  to  the  lean-combustion  operation  without 
changing  the  engine  output.  In  consequence,  the 

30  engine  output  can  be  prevented  from  rapidly 
changing  during  the  air-fuel  ratio  change. 

In  connection  with  the  features  described 
above,  the  target  suction  air  amount  A/NL,  read 
from  the  map  in  Step  S16  to  be  used  for  the 

35  suction  air  amount  control  for  the  air-fuel  ratio 
control,  represents  a  necessary  air  amount  for  ob- 
taining  the  same  torque  by  lean  combustion  as  an 
engine  torque  produced  by  rich  combustion  with 
the  throttle  valve  opening  6  provided  when  a  driver 

40  steps  on  the  accelerator  pedal.  In  other  words,  the 
air-fuel  ratio  control  according  to  the  present  em- 
bodiment  is  such  that  only  the  air  amount  is  in- 
creased  without  substantially  changing  the  amount 
of  the  fuel  supplied  to  the  engine  E,  whereby  the 

45  combustion  mode  is  changed  from  rich  combustion 
to  lean  combustion.  By  doing  this,  a  torque  shock 
can  be  prevented  from  being  produced  in  the  en- 
gine  during  the  change. 

The  following  is  a  description  of  an  air-fuel  ratio 
50  control  apparatus  according  to  a  second  embodi- 

ment  of  the  present  invention. 
The  air-fuel  ratio  control  apparatus  of  the 

present  embodiment  differs  from  the  foregoing  first 
embodiment,  which  is  arranged  so  that  the  amount 

55  of  the  suction  air  supplied  through  the  main  and 
sub-bypass  lines  43  and  31  during  the  lean-com- 
bustion  operation  is  feedback-controlled  for  the  tar- 
get  value,  in  that  the  valve  opening  of  the  ISC  valve 

9 
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and  hence  the  suction  air  amount  are  subjected  to 
open-loop  control  during  the  lean-combustion  op- 
eration. 

As  mentioned  before  with  reference  to  Fig.  6,  it 
is  difficult  always  to  proportion  the  throttle  valve 
opening  and  the  ACV  opening  (valve  opening  of 
the  negative-pressure  responsive  valve  41)  to  each 
other  throughout  the  area  of  the  throttle  valve  open- 
ing.  As  the  throttle  valve  opening  increases,  the 
actual  ACV  opening  indicated  by  full  line  in  Fig.  6 
becomes  smaller  than  the  optimum  ACV  opening 
indicated  by  broken  line  in  Fig.  6.  In  the  present 
embodiment,  therefore,  the  valve  opening  of  the 
ISC  valve  is  open-loop-controlled  in  order  to  make 
up  for  this  deficiency  in  the  ACV  opening.  To  attain 
this,  a  series  of  target  openings  for  the  ISC  valve  fit 
for  various  combinations  of,  e.g.,  the  engine  speed 
and  the  throttle  valve  opening  are  obtained,  for 
example,  experimentally  in  advance,  and  are  stored 
in  the  form  of  a  map  in  the  storage  device  of  the 
ECU  23,  which  constitutes  part  of  the  air-fuel  ratio 
control  apparatus. 

The  air-fuel  ratio  control  apparatus  of  the 
present  embodiment  differs  from  the  apparatus  of 
the  foregoing  first  embodiment,  which  is  provided 
with  the  ISC  valve  30  formed  of  a  solenoid  valve,  in 
that  it  comprises  a  motor-operated  ISC  valve  130 
(Fig.  8)  including  a  stepping  motor  131,  which 
operates  under  the  control  of  the  ECU  23,  and  a 
valve  plug  133,  which  is  connected  to  the  output 
shaft  of  the  motor  by  means  of  a  worm  gear  132, 
and  whose  lift  varies  as  the  motor  output  shaft 
rotates. 

For  other  arrangements,  the  air-fuel  ratio  con- 
trol  apparatus  of  the  present  embodiment,  like  the 
apparatus  of  the  first  embodiment,  can  be  arranged 
in  the  manner  shown  in  Figs.  1  and  2.  Also,  the 
apparatus  of  the  present  embodiment  can  be  used 
with  the  engine  E  of  the  construction  shown  in  Fig. 
1  .  Accordingly,  a  description  of  the  construction  of 
the  apparatus  according  to  the  present  embodi- 
ment  is  partially  omitted. 

Referring  now  to  Fig.  7,  an  air-fuel  ratio  control 
routine  according  to  the  second  embodiment  will 
be  described. 

Steps  S30,  S32,  S34,  S38,  S40  and  S42  of  Fig. 
7  according  to  the  second  embodiment  are  iden- 
tical,  respectively,  with  Steps  S10,  S12,  S14,  S24, 
S26  and  S28  of  Figs.  3  and  4  according  to  the  first 
embodiment,  so  that  a  description  of  these  steps 
common  to  the  two  embodiments  is  partially  omit- 
ted. 

In  each  cycle  of  the  air-fuel  ratio  control  routine 
periodically  executed  by  means  of  the  CPU,  if  the 
CPU  of  the  ECU  23  concludes  in  Step  S30  that  the 
engine  E  is  being  operated  in  the  region  for  the 
theoretical  air-fuel  ratio  operation  on  the  basis  of 
the  change  of  signals  from  the  throttle  sensor  7, 

the  CPU  stops  the  supply  of  the  driving  signal  to 
the  solenoid  42c  of  the  bypass  valve  42  (Step 
S34),  thereby  stopping  the  air  supply  to  the  engine 
E  through  the  bypass  line  43,  whereupon  the  air- 

5  fuel  ratio  control  routine  for  the  present  cycle  is 
finished.  Thus,  the  suction  air  in  the  amount  cor- 
responding  to  the  throttle  valve  opening  and  the 
fuel  in  the  amount  computed  according  to  equation 
(1)  are  supplied  to  the  engine  E,  whereby  the  rich- 

io  combustion  operation  is  performed  with  use  of  the 
theoretical  air-fuel  ratio. 

If  it  is  concluded  in  Step  S30  that  the  engine  E 
is  being  operated  in  the  lean-combustion  operation 
region,  on  the  other  hand,  the  CPU  supplies  the 

is  driving  signal  to  the  solenoid  42c  of  the  bypass 
valve  42  (Step  S34).  As  a  result,  the  negative 
pressure  inside  the  suction  passage  2  is  supplied 
to  the  pressure  chamber  41c  of  the  negative-pres- 
sure  responsive  valve  41,  thereby  opening  the 

20  negative-pressure  responsive  valve  41,  whereby 
the  bypass  air  is  supplied  to  the  engine  E  through 
the  bypass  line  43. 

Then,  based  on  the  throttle  valve  opening  6 
detected  by  means  of  the  throttle  sensor  14  and 

25  the  engine  speed  Ne  detected  by  means  of  the 
engine  speed  sensor  21,  the  CPU  reads  a  target 
valve  opening  of  the  ISC  valve  130  for  the  lean- 
combustion  operation,  which  is  fit  for  the  respective 
values  of  the  parameters  6  and  Ne,  from  the  map 

30  in  the  storage  device  (Step  S36). 
If  it  is  then  concluded  in  Step  S38  that  the 

engine  E  is  not  in  the  idling  state,  the  CPU  controls 
the  rotational  position  of  the  output  shaft  of  the 
stepping  motor  131  of  the  ISC  valve  130  so  that 

35  the  valve  opening  of  the  ISC  valve  130  (not  shown) 
is  adjusted  to  the  target  valve  opening  (Step  S42). 
As  a  result,  the  suction  air  in  an  amount  cor- 
responding  to  the  difference  between  a  necessary 
suction  air  amount  for  attaining  the  target  air-fuel 

40  ratio  for  the  lean-combustion  operation  and  the 
amount  of  the  suction  air  supplied  through  the  main 
bypass  line  43,  that  is,  a  deficiency  in  the  suction 
air  amount,  is  supplied  to  the  engine  E  through  the 
sub-bypass  line  31  . 

45  During  the  lean-combustion  operation,  as  de- 
scribed  above,  the  bypass  valve  42  is  opened  in 
Step  S34,  and  the  ISC  valve  is  open-loop-con- 
trolled  so  that  its  valve  opening  is  adjusted  to  the 
target  opening.  Specifically,  the  valve  opening  of 

50  the  ISC  valve  130  is  open-loop-controlled  so  that 
the  ratio  between  a  throttle  valve  opening  area 
(suction  passage  opening  area  determined  by  the 
throttle  valve  opening)  and  the  sum  of  the  respec- 
tive  opening  areas  of  the  main  and  sub-bypass 

55  lines  is  equal  to  the  ratio  between  the  theoretical 
air-fuel  ratio  (first  air-fuel  ratio)  and  the  target  air- 
fuel  ratio  (second  air-fuel  ratio)  on  the  fuel-lean  side 
of  the  theoretical  air-fuel  ratio.  In  consequence,  the 

10 



17 EP  0  549  810  A1 18 

amount  of  the  suction  air  supplied  through  the 
bypass  lines  43  and  31  is  adjusted,  so  that  the 
lean-combustion  operation  is  effected  with  use  of 
the  predetermined  air-fuel  ratio  XL  on  the  lean  side 
with  respect  to  the  theoretical  air-fuel  ratio. 

If  it  is  concluded  in  Step  S38  that  the  engine  E 
is  in  the  idling  state,  on  the  other  hand,  the  conven- 
tional  idling  speed  control  is  executed  (Step  S40). 

The  present  invention  is  not  limited  to  the  first 
and  second  embodiments  described  above,  and 
various  modifications  may  be  effected  therein. 

Although  the  duty-controlled  solenoid  valve  is 
used  as  the  ISC  valve  30  in  the  first  embodiment, 
for  example,  the  pulse-motor-operated  valve  130 
used  in  the  second  embodiment  may  be  used 
instead, 

Although  the  target  air-fuel  ratio  XL  common  to 
the  whole  lean-combustion  operation  region  is  used 
in  the  first  embodiment,  moreover,  the  target  air- 
fuel  ratio  XL  may  be  variably  set  depending  on  the 
operating  state  of  the  engine  E.  For  example,  the 
target  air-fuel  ratio  XL  may  be  variably  set  depend- 
ing  on  the  combination  of  the  suction  air  amount 
A/N  and  the  engine  speed  Ne,  which  are  indicative 
of  the  engine  operating  state.  In  other  words,  the 
whole  lean-combustion  operation  region  may  be 
divided  into  a  number  of  small  regions  in  accor- 
dance  with  the  parameters  A/N  and  Ne  so  that 
different  target  air-fuel  ratios  XL  are  applied  individ- 
ually  to  the  different  small  regions.  In  this  case,  a 
series  of  target  air-  fuel  ratios  (second  air-fuel  ra- 
tios)  XL  adjusted  individually  to  values  greater  than 
or  on  the  lean  side  of  the  theoretical  air-fuel  ratio  Xs 
so  as  to  be  fit  for  various  combinations  of  the 
suction  air  amount  A/N  and  the  engine  speed  Ne, 
individually,  are  previously  stored  in  the  form  of  a 
map  in  the  built-in  storage  device  of  the  ECU  23, 
and  the  target  air-fuel  ratio  XL  fit  for  the  respective 
actual  values  of  the  parameters  A/N  and  Ne  is  read 
from  the  map  in  the  storage  device  in  accordance 
with  the  two  parameter  values  during  the  engine 
operation. 

In  the  aforementioned  modification  in  which  the 
target  air-fuel  ratio  XL  is  variably  set  depending  on 
the  engine  operating  state,  in  contrast  with  the  case 
of  the  foregoing  first  embodiment  in  which  the 
target  air  amount  A/NL  is  read  from  the  map,  the 
target  air  amount  A/NL  is  set  by  reading  the  suction 
air  amount  A/Ns  and  the  target  air-fuel  ratio  XL  for 
the  rich-combustion  operation  from  the  map  in  ac- 
cordance  with  the  throttle  valve  opening  6  and  the 
engine  speed  Ne,  and  computing  the  target  suction 
air  amount  A/NL  according  to  the  following  equation 
and  with  use  of  the  target  air-fuel  ratio  Xs  for  the 
rich-combustion  operation. 

A/NL  =  (A/Ns)  +  Xs  x  XL. 

According  to  the  foregoing  first  embodiment, 
moreover,  the  opening  correction  value  AP|Sc  of 
the  ISC  valve  30  is  computed  according  to  equa- 
tion  (2),  that  is,  by  multiplying  the  deviation  AA/N 

5  between  the  target  suction  air  amount  and  the 
actual  suction  air  amount  by  the  feedback  propor- 
tional  gain.  However,  the  method  for  computing  the 
ISC  valve  opening  correction  value  is  not  limited  to 
this,  and  various  PID  control  methods  may  be  used 

io  instead. 
In  the  foregoing  first  embodiment,  the  air-fuel 

ratio  Xs  for  the  rich-combustion  operation  is 
changed  at  once  to  the  air-fuel  ratio  XL  for  the  lean- 
combustion  operation.  If  the  increase  of  the  air 

is  amount  by  means  of  the  negative-pressure  respon- 
sive  valve  41  is  subject  to  a  delay,  however,  the 
air-fuel  ratio  may  be  gradually  changed  in  accor- 
dance  with  the  delay  of  the  increase  of  the  air 
amount. 

20  When  using  a  air-fuel  ratio  linear  sensor,  more- 
over,  it  is  necessary  only  that  the  target  value  of 
the  air-fuel  ratio  be  changed. 

According  to  the  first  embodiment  in  which  the 
suction  air  amount  is  feedback-controlled,  it  is  not 

25  essential  to  select  a  position  such  that  the  ACV 
negative  pressure  changes  substantially  in  propor- 
tion  to  the  throttle  valve  opening  as  the  position 
where  that  end  of  the  line  44  which  opens  into  the 
suction  passage  2  is  formed. 

30  It  is  to  be  understood  that  the  present  invention 
may  be  applied  to  a  system  in  which  a  negative 
pressure  sensor  is  used  to  detect  the  negative 
pressure  on  the  lower-course  side  of  the  throttle 
valve,  in  place  of  the  system  in  which  the  airflow 

35  sensor  is  used  for  the  fuel  supply  control. 

Claims 

1.  In  an  air-fuel  ratio  control  apparatus  of  an  inter- 
40  nal  combustion  engine,  which  controls  the  air- 

fuel  ratio  of  an  air-fuel  mixture  to  be  supplied 
to  an  engine  so  that  the  air-fuel  ratio  is  ad- 
justed  to  a  first  air-fuel  ratio  approximate  to  a 
theoretical  air-fuel  ratio  when  said  engine  is  in 

45  a  specific  operating  state,  and  that  the  air-fuel 
ratio  is  adjusted  to  a  second  air-fuel  ratio  on 
the  fuel-lean  side  of  said  first  air-fuel  ratio 
when  said  engine  is  in  any  other  operating 
state  than  said  specific  operating  state,  an  air- 

so  fuel  ratio  control  apparatus  of  an  internal  com- 
bustion  engine,  comprising: 

a  main  bypass  line  bypassing  a  throttle 
valve  in  the  middle  of  a  suction  passage  of 
said  engine  and  having  both  ends  thereof  com- 

55  municated  with  said  suction  passage; 
a  sub-bypass  line  bypassing  said  throttle 

valve  and  having  both  ends  thereof  commu- 
nicated  with  said  suction  passage; 

11 
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main  valve  means  for  adjusting  the  amount 
of  air  sucked  in  through  said  main  bypass  line; 

sub-valve  means  for  adjusting  the  amount 
of  air  sucked  in  through  said  sub-bypass  line; 
and  5 

control  means  adapted  to  control  the  drive 
of  said  main  valve  means  so  that  the  suction 
air  supply  through  said  main  bypass  line  is 
prevented  when  said  engine  is  in  said  specific 
operating  state,  and  to  control  the  drive  of  said  10 
main  valve  means  and  said  sub-valve  means 
so  that  an  amount  of  suction  air  such  that  said 
second  air-fuel  ratio  can  be  attained  is  sup- 
plied  through  said  main  bypass  line  and  said 
sub-bypass  line  when  said  engine  is  in  any  is 
other  operating  state  than  said  specific  operat- 
ing  state. 

2.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  1,  20 
wherein  said  main  valve  means  is  formed  of  a 
negative-pressure  responsive  valve  adapted  to 
operate  in  response  to  a  negative  pressure 
inside  the  suction  passage  varying  depending 
on  the  opening  of  the  throttle  valve,  and  said  25 
control  means  prevents  the  negative  pressure 
supply  to  said  negative-pressure  responsive 
valve  when  said  engine  is  in  said  specific 
operating  state,  and  allows  the  negative  pres- 
sure  supply  to  said  negative-pressure  respon-  30 
sive  valve  when  said  engine  is  in  any  other 
operating  state  than  said  specific  operating 
state. 

3.  An  air-fuel  ratio  control  apparatus  of  an  internal  35 
combustion  engine  according  to  claim  1, 
wherein  said  negative-pressure  responsive 
valve  includes  a  negative  pressure  chamber 
and  a  valve  plug  disposed  in  said  main  bypass 
line  and  having  a  lift  varying  depending  on  the  40 
negative  pressure  supplied  to  said  negative 
pressure  chamber;  said  main  valve  means  fur- 
ther  includes  a  line,  having  one  end  thereof 
communicated  with  said  suction  passage  just 
on  the  upper-course  side  of  said  throttle  valve  45 
and  the  other  end  thereof  communicated  with 
said  negative  pressure  chamber  of  said 
negative-pressure  responsive  valve,  and  a  by- 
pass  valve  in  the  middle  of  said  line;  and  said 
control  means  drives  said  bypass  valve  so  as  so 
to  allow  the  supply  of  the  negative  pressure 
from  said  suction  passage  to  said  negative 
pressure  chamber  through  said  line  when  said 
engine  is  in  any  other  operating  state  than  said 
specific  operating  state,  and  drives  said  by-  55 
pass  valve  so  as  to  prevent  the  negative  pres- 
sure  supply  when  said  engine  is  in  said  spe- 
cific  operating  state. 

4.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  2, 
wherein  said  sub-valve  means  is  formed  of  a 
solenoid-operated  on-off  valve,  and  said  con- 
trol  means  controls  an  on-  off  duty  ratio  cor- 
responding  to  the  time-based  average  valve 
opening  of  said  solenoid-operated  on-off  valve. 

5.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  2, 
wherein  said  sub-valve  means  is  formed  of  a 
motor-operated  valve  including  a  stepping  mo- 
tor  and  having  a  valve  opening  corresponding 
to  the  rotational  position  of  the  motor,  and  said 
control  means  controls  the  rotational  position 
of  said  stepping  motor. 

6.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  1,  which 
further  comprises  fuel  supply  means  for  adjust- 
ing  the  amount  of  a  fuel  to  be  supplied  to  said 
engine;  and  wherein  said  control  means  con- 
trols  the  drive  of  said  fuel  supply  means  so 
that  said  first  air-fuel  ratio  is  attained  on  the 
basis  of  the  amount  of  the  suction  air  supplied 
through  said  suction  passage  not  including  at 
least  said  main  bypass  line  and  the  amount  of 
the  fuel  supplied  from  said  fuel  supply  means 
when  said  engine  is  in  said  specific  operating 
state,  and  that  said  second  air-fuel  ratio  is 
attained  on  the  basis  of  the  amount  of  the 
suction  air  supplied  through  said  suction  pas- 
sage  including  said  main  and  sub-bypass  lines 
and  the  amount  of  the  fuel  supplied  from  said 
fuel  supply  means  when  said  engine  is  in  any 
other  operating  state  than  said  specific  operat- 
ing  state,  and  controls  the  drive  of  said  main 
valve  means  and  said  sub-valve  means  in  or- 
der  to  change  said  suction  air  amount  lest  an 
output  capable  of  being  practically  fetched 
from  said  engine  be  subject  to  any  substantial 
change  while  the  operation  mode  is  switched 
from  operation  with  said  first  air-fuel  ratio  to 
operation  with  said  second  air-fuel  ratio. 

7.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  6,  which 
further  comprises  load  parameter  detecting 
means  for  detecting  the  value  of  a  parameter 
indicative  of  a  load  acting  on  said  engine,  and 
wherein  said  control  means  subjects  the  valve 
opening  of  said  sub-valve  means  to  open-loop 
control  in  accordance  with  the  engine  load. 

8.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  6,  which 
further  comprises  load  parameter  detecting 
means  for  detecting  the  value  of  a  parameter 
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indicative  of  a  load  acting  on  said  engine  and 
air  amount  detecting  means  for  detecting  the 
amount  of  air  sucked  in  through  said  suction 
passage,  and  wherein  said  control  means  com- 
putes  a  target  suction  air  amount  such  that  5 
said  second  air-fuel  ratio  can  be  attained,  in 
accordance  with  the  detected  engine  load  pa- 
rameter  value,  when  said  engine  is  in  any 
other  operating  state  than  said  specific  operat- 
ing  state,  and  then  subjects  the  valve  opening  10 
of  said  sub-valve  means  to  feedback  control  in 
accordance  with  the  difference  between  the 
detected  actual  suction  air  amount  and  said 
target  suction  air  amount. 

75 
An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  8, 
wherein  said  load  parameter  detecting  means 
is  throttle  opening  detecting  means  for  detect- 
ing  the  throttle  opening,  and  said  control  20 
means  computes  said  target  suction  air 
amount  in  accordance  with  the  detected  throt- 
tle  valve  opening. 

An  air-fuel  ratio  control  apparatus  of  an  internal  25 
combustion  engine  according  to  claim  6,  which 
further  comprises  idling  detecting  means  for 
determining  whether  or  not  said  engine  is  id- 
ling;  and  wherein  said  control  means  received 
a  result  of  detection  by  said  idling  detecting  30 
means,  and  controls  the  drive  of  said  sub-valve 
means  on  the  basis  of  a  result  of  comparison 
between  the  speed  of  said  engine  and  a  target 
speed  so  that  the  engine  speed  is  equal  to 
said  target  speed  during  the  idling  operation  of  35 
said  engine,  and  controls  the  drive  of  said  sub- 
valve  means  in  order  to  change  said  suction 
air  amount,  assisting  said  main  valve  means, 
during  the  change  between  said  specific  op- 
erating  state  and  any  other  operating  state,  40 
when  said  engine  is  not  idling. 

12.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  11, 
wherein  said  negative-pressure  responsive 
valve  includes  a  negative  pressure  chamber 
and  a  valve  plug  disposed  in  said  main  bypass 
line  and  having  a  lift  varying  depending  on  the 
negative  pressure  supplied  to  said  negative 
pressure  chamber;  said  main  valve  means  fur- 
ther  includes  a  line,  having  one  end  thereof 
communicated  with  said  suction  passage  just 
on  the  upper-course  side  of  said  throttle  valve 
and  the  other  end  thereof  communicated  with 
said  negative  pressure  chamber  of  said 
negative-pressure  responsive  valve,  and  a  by- 
pass  valve  in  the  middle  of  said  line;  and  said 
control  means  drives  said  bypass  valve  so  as 
to  allow  the  supply  of  the  negative  pressure 
from  said  suction  passage  to  said  negative 
pressure  chamber  through  said  line  when  said 
engine  is  in  any  other  operating  state  than  said 
specific  operating  state,  and  drives  said  by- 
pass  valve  so  as  to  prevent  the  negative  pres- 
sure  supply  when  said  engine  is  in  said  spe- 
cific  operating  state. 

11.  An  air-fuel  ratio  control  apparatus  of  an  internal 
combustion  engine  according  to  claim  10, 
wherein  said  main  valve  means  is  formed  of  a  45 
negative-pressure  responsive  valve  adapted  to 
operate  in  response  to  a  negative  pressure 
inside  the  suction  passage  varying  depending 
on  the  opening  of  the  throttle  valve,  and  said 
control  means  prevents  the  negative  pressure  50 
supply  to  said  negative-pressure  responsive 
valve  when  said  engine  is  in  said  specific 
operating  state,  and  allows  the  negative  pres- 
sure  supply  to  said  negative-pressure  respon- 
sive  valve  when  said  engine  is  in  any  other  55 
operating  state  than  said  specific  operating 
state. 
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